Introduction: Cholera is one of the so-called dirty hand diseases. Its effective response saves lives. The city of Lubumbashi has recorded at least one cholera epidemic for almost ten years, each of which generates significant socio-economic costs. Method: We conducted a case-control study on cholera in the city of Lubumbashi in the Democratic Republic of Congo in 330 individuals, including 110 cases matched to 220 controls. The linear list of the cholera treatment center was used to identify the cases. Results: Half of the respondents were 50, 30% did not treat water before drinking, and the remaining 49.70% used the treatment of drinking water. The risk factors for the cholera outbreak that were found to be statistically significant include: poor food preservation (AOR = 3.32, 95% CI [1. 85 -5.96], and p value = 0.0001), contact with a cholera patient (AOR = 2.88, 95% CI [1. 65 -5.01], and p value = 0.0002) and stay outside Lubumbashi (AOR = 4.18, its 95% CI [1.83 -9.55]). Conclusion: An urgent need for information on risk factors for cholera and a rapid organization of the response is the key to cope with this recurrent epidemic in the city of Lubumbashi.
Introduction
Cholera is an acute diarrheal infection caused by the ingestion of food or water contaminated with Bacillus Vibrio cholerae [1] . It is a disease of faecal. It is a real emergency in public health. It is one of the oldest and most devastating diseases whose history goes back to more than 377 years BC according to the writings of Hyppocrates (460-377 BC) and Galen (129-216 AD) and which, unfortunately continues to maintain its magnitude [2] . The brief incubation period of two hours to five days is a factor that reinforces the potentially explosive dynamics of epidemics [3] . According to WHO estimates, there are 1.4 -4.3 million cases of cholera every year, with 28,000 to 142,000 deaths, a lethality of 2% to 3.3% [1] .
This disease came out of its traditional focus of Bengal and the Upper Ganges
Valley in the early nineteenth century to spread throughout the world, along the trade routes, in the form of successive pandemics. Six pandemics followed each other from 1817 to 1859, killing tens of thousands of people in Asia, Europe and America to such an extent that a conference was held in Paris in 1851, inaugurating the internationalization of public health problems [4] .
After having been ravaged by cholera during these first six pandemics, the northern countries (Europe and the United States of America) have succeeded in eliminating this disease as a public health problem through sanitation and improvement actions which have access to drinking water all in a context of development and improvement of the overall living situation of the populations [2] .
Cholera is the preferred companion for natural disasters and conflict situations with massive population displacements. However, it can occur in a context of political stability and in the absence of any natural calamity, when the socio-economic conditions of the populations are favorable to its development [4] .
Africa is currently the continent that reports more than half of all cholera cases and deaths worldwide. 190,549 cases and 2231 cholera-related deaths were reported worldwide in 2014; it has 105,287 cases and 1882 deaths, representing respectively 55% and 84% of the global total [4] . In Cameroon, in 2011, a cholera epidemic in the northern region affected 23,152 people and killed 843, and in the south, 336 cases and 13 deaths. A study conducted in this regard identified that poor food preservation was the factor significantly associated with the epidemic [5] . However, a few years before, with regard to the factors determining the endemicity of cholera in Douala, Cameroon, Guévart E. et al. found, among other things, insufficient sewage causing water overflows, especially during the rainy season, latrines often discharged into the environment, the persistence of traditional unfavorable attitudes towards the use of water devices resulting in by high-risk behavior which in turn constitutes a barrier to hygiene education [6] .
The DRC is among the 5 countries that alone accounted for 84% of reported cases worldwide in 2014 [4] . Spared by the first 6 pandemics, the DRC recorded these first cases of cholera with the seventh pandemic in 1974 [7] . The main causes of morbidity are malaria, typhoid fever, acute respiratory infections, diarrhea, cholera, measles.
This is a case-control study, which spanned the entire duration of the cholera epidemic in the health zone of Kampemba from January to June 2016.
The study population consisted of the inhabitants of the Kampemba Health
Zone.
To select the cases, we used the registry and the linear list of cholera cases admitted to the Cholera Treatment Center of Kenya which is the only Cholera
Treatment Center that receives all the patients of the city of Lubumbashi. Patients were admitted on the basis of the WHO cholera case definition and a positive agglutination test performed at the beginning and end of the epidemic.
From this linear list, we have returned that taking back only the patients of the Health District of Kampemba who were 326 patients during the study period.
Our frame was obtained excluding children under 5 years; then we selected the cases to investigate by performing a simple random sampling using the ALEA function of Microsoft Excel 2013.
Based on the addresses, age and sex of the cholera cases retained and found on the linear list of the cholera treatment center, we were able to identify and recruit the witnesses to be investigated either in the same house, or in the same plot, or among the neighbors or in default on the same avenue taking into account the same sex and the difference in age with the case which should not exceed 5 years.
The sample size was calculated using the StatCalc function of the Epiinfo software version 7.1.4.0, taking into account the following parameters: -Precision: 95%;
-Proportion of non-patients for a factor studied: 78%;
-Proportion of patients for a factor studied: 91.4%;
-Power: 80%;
-Number of controls per case: 2;
-Odds Ratio: 3.
This resulted in a minimum of 99 cases to which we added 10% margin to and 220 witnesses a total size of 330 subjects. Since this was a retrospective survey, there were no missing data because we had the possibility to automatically replace cases not found by another one.
The subjects we included in our study are those who met the following criteria:  Case: Anyone who has had acute watery diarrhea admitted to the Kenya Cholera Treatment Center during the study period, resident of the Kampemba Health Zone and having signed their participation agreement.  Witnesses: Any person of the same sex whose age difference with the case does not exceed five years, living in the same house or parcel, either the neighboring parcel or on the same avenue, with no history of cholera or diarrhea from the beginning to the end of the epidemic and who voluntarily agreed to participate in the study.
Data Collection Material and Procedure
During the preparatory phase, we proceeded by training investigators and supervisors. Aside from these, two Social Mobilizers from the Health Zone who are in charge of the disinfection of the homes of cholera patients were also recruited and made it possible to find the residences of the cases with less difficulty. A pre-test of the questionnaire was carried out in the Kenya Health Zone which presents the same context as that of the Kampemba Health Zone. This pretest enabled us to correct the weaknesses noted and to adapt the questionnaire. During the actual survey, the data were collected by interview based on this structured questionnaire which was administered at home to both cases and witnesses. The observation was made for certain variables such as the presence of the device of wash-hand and the state of the toilets. To ensure the quality of the data, supervision was provided by two people each with the responsibility of 3 investigators. In addition, each investigator marked his no on the sheet and an evaluation meeting was organized in the evening in the presence of the entire team. Which allowed us to correct in time some imperfections and inconsistencies.
The data thus collected were encoded in EPI info version 7.1.4.0 and analyzed in the same software and then exported to Excel 2013 and R software for further analysis.
Results
Our sample consisted of a total of 330 surveyed subjects including 110 cases and 220 controls. The majority of respondents came from the Kabanga health area, 61.82%, compared to 0.91% of the Circular health area ( Table 1) .
Out of a total of 330 people in our sample, it appears that their age ranged from 5 to 70 years with an average of 26.38 ± 15.59 years. The modal age was 10 years old. Figure 1 shows that 189 subjects surveyed out of 330 were female (57.27%) compared to 141 male subjects (42.73%). The male/female sex ratio in our sample was around 0.75.
The household size of the respondents ranged from 1 to 23 people with an average of 7.59 ± 3.65 people. The modal size was 7 people.
As for the treatment of drinking water, Table 2 shows that about half of the respondents were 50, 30% did not treat water before consumption, and the remainder 49.70% used water treatment of drinking water. Out of 330 respondents, 322% or 97.58% had a toilet against 8% or 2.42% who did not have one (Table 4) .
Compared to the knowledge of hand washing times, Figure 2 shows that it was before eating that was cited by the majority of respondents, i.e. 315 out of 330 (95.45%); while before breastfeeding the child was recognized by only 22 respondents, i.e. 6 .67%. However, monthly income and water treatment were no longer significantly associated with cholera.
Discussion
Our study aimed to determine the risk factors for the cholera epidemic in the Kampemba Health Zone to help reduce the morbidity and mortality associated with this disease. Our analyses focused on data from 330 surveyed subjects, including 110 cases and 220 controls. where most of the population lives in extreme poverty, with toilets shared between 50 people and defecation often outdoors [19] . This is the image of the The majority of the population living in this health area uses water from unimproved wells for drinking. It is the very epicenter of this latest epidemic.
Regarding the treatment of water, half of the subjects surveyed (50.30%) use the treatment of drinking water while the other half do not treat it. The similar result was found in Chad where 55% of the respondents on behavioral determinants of water treatment in cholera prevention did not use water treatment [20] .
These results, although still weak, show a certain improvement of the situation compared to those found in Lubumbashi in 2008 by Tubaya or 12.7% [8] .
Among the reasons for non-treatment of drinking water, Msyalonza in Chikwawa and the city of Blantyre in Malawi, mentioned the bad taste and odors caused by the water treatment product [15] . Contrary to the result of Tubaya, this improvement could be related to the fact that during the epidemic the chlorine is distributed to households by the partners and could only be used in a context of fear of epidemic. Subsequent studies should be conducted outside any outbreak to assess the determinants of water treatment in this health zone.
In the bivariate analysis, the following factors were identified as significantly associated with cholera: low monthly income (Mann-Whitney/wilcoxon chi-square = 5. , and p-value < 10-10). However, as with the study conducted in Papua, Guinea [21] , Juba, Sudan [12] , we found no significant association between sex and the occurrence of cholera; although more than half of the patients are female. Since transmission does not occur by point source, both sexes could be fairly exposed. On the other hand, Uthappa in India, in the village of Medipally, Colombara et al. in Bangladesh, and Izadi et al.
in India found opposite results [22] [23] [24] .
The level of study was not significantly associated with the disease; and between employment (occupation) and illness. These same results have been found elsewhere [12] [24] . Some authors have found that in children under 5 years, the risk of cholera increases with the low level of education of the mother in both rural and urban areas [23] . Although the majority of subjects surveyed were from the primary level and above, their distribution in both groups (patients and controls) was of equal proportions. low-income countries are more affected by cholera than those with medium or high incomes. This supports the phrase "cholera is a disease of poverty" [26] . A study conducted in Matlab, Banglandesh showed that the risk of cholera increased with low household income. In addition, non-treatment of drinking water was identified as a factor that had twice the risk of cholera occurrence in bivariate analysis (OR = 2.26, 95% CI [1.41 -3.62] and p value = 0.0006), is also considered not significant after multivariate analysis (AOR = 0.59, 95% CI: [0.34 -1.03], p-value = 0, 0.615). Some authors had achieved the same results as those found during the bivariate analyzes. This is the case of TUBAYA, which found a nine-fold higher risk in subjects consuming untreated water (OR = 8.6, 95% CI: [4.58 -16.4]) [8] . A study in Camarines Sur, Philippines, found that consumption of untreated chlorine water was about four times the risk of cholera (OR = 3.6, 95% CI: 1.6 -8.5) [25] . In the same way, the other authors had found that the consumption of treated water constituted a protective factor [12] [13] [24] .
As for the factors significantly associated with cholera that were retained, we note:
Poor food preservation (AOR = 3.32, 95% CI [1.85 -5.96], and p-value = 0.0001); about one out of every two patients had poor food (in open plates or pots) against one out of six witnesses. This exposes food to flies in a polluted environment. Added to this is the poor quality of well water used by most households for washing utensils. Recent studies have shown that V. Cholerae can remain for more than 5 days in the digestive tract of houseflies and multiply there; which gives evidence in the role played by the latter in the transmission of the disease [27] . A study by Biswas in Nepal found that utensils were contaminated with pond water used for washing (OR = 7.31, 95% CI: 1.77 -42.29) [9] . The Open Access Library Journal same results were found in Buea, Cameroon, where the poor method of food preservation was significantly associated with the cholera epidemic (OR = 9.20, 95% CI: 3.67 -23.08; p < 0.0001) [5] .
Regarding contact with a cholera patient in the previous 5 days. This factor was considered significantly associated with cholera risk in both bivariate and multivariate analysis (AOR = 2.88, 95% CI [1.65 -5.01], and p value = 0.0002).
Indeed, more than half of the patients reported having been in contact with a cholera patient in the 5 days preceding the illness against 21.36% of the controls.
The habits of the environment, which make the family members take care of the patient, rid him of these excretions from the house to the center of the treatment of cholera, a way to show him their love and compassion; in a context where almost half of the population is unaware of early signs and cholera prevention measures [28] . Regarding the notion of travel, having stayed outside the city of Lubumbashi in the last 5 days before the onset of the disease had four times the risk of contracting cholera (AOR = 4.18; its 95% CI [1.83 -9 .55] and p value = 0.0007); nevertheless, during the bivariate analysis, this factor was not significant but nevertheless had a p < 0.20 which allowed us to integrate it into the multivariate analysis, the weight of its risk being masked by interactions with the other factors. This situation could be explained by the fact that the patients had stayed outside the city of Lubumbashi more than witnesses, i.e. 17 .27% against 11.36%.
Indeed, the city of Lubumbashi is surrounded by several other cities that are endemic and/or epidemic cholera, which are in intense trade facilitating the importation of epidemics of cholera. In addition, poor travel conditions do not take into account the basic principles of hygiene. Similar results were recorded dur-Open Access Library Journal ing the investigation of an outbreak in Alborz Province, Iran, while taking into account the same 5-day delay (OR = 5.21, 95% CI: 2.21 -9.72) [31] . According to Ujiga et al. in Juba, Sudan, the risk was 10-fold higher in subjects who traveled outside the village before the onset of the disease (OR = 10.14, 95% CI: 1.75 -58.87) [12] . A cholera outbreak can very quickly be imported from one environment to another through different means of transport. Such is the case of the cholera epidemic in Haiti, imported from Nepal [32] .
The availability of hand washing in households provides protection against the occurrence of cholera (AOR = 0. 0.11 -0.44) [24] . Rosewell meanwhile, the availability of handwashing soap was protective in Papua, Guinea (AOR = 0.41, 95% CI: 0.19 -0.87), and those with access to running water in the house (handwash) was twice as likely to signal the availability of soap for handwashing [21] . Good care coupled with hand washing was enough to reduce the incidence of cholera in two health sectors in Benin [34] . On the other hand, for TUBAYA, the absence of washbasins in the household exposed about 12 times more the risk of cholera (OR = 11.74, 95% CI [6.83
Warming up the rest of the foods before they were consumed was a protective factor against the occurrence of cholera (AOR = 0.43, 95% CI [0.25 -0.76], and p-value = 0.0033). Indeed more than three quarters of the witnesses warmed the food before its consumption against about half of the patients. In other words, people who did not warm up food leftovers prior to their consumption had an increased risk of contracting cholera. A study in Katanga reported that only 61% of those surveyed knew that cholera could be transmitted through food [28] . Of all food-borne illnesses reported at Ridge Hospital in Accra, Ghana, from 2009 to 2013, cholera comes out on top at 83.9% [35] . The results of this study are 
Conclusions
Cholera, a very old disease, remains as a public health problem in the Kampemba Health Zone. Our study set itself the goal of identifying the risk factors for the cholera epidemic in order to contribute to the reduction of morbidity and mor-tality related to this disease in this Health Zone.
At the end of this study, the following results were observed with regard to socio-demographic and economic characteristics: the average age was 26.38 ± 15.59 years ranging from 5 to 70 years, the female sex was the most affected i.e.
57.27%, 61.82% of the subjects came from of the Kabanga health area and about half of the subjects were single (50.30%). The majority had a low standard of living (64.85%) and were unemployed (60.00%) although they had a secondary level of education and more in 94.55% of cases.
As for hygiene conditions, 31.82% had access to drinking water, only one out of two subjects resorted to the treatment of water and that by chemical methods However, this study did not demonstrate a significant association between the quality of drinking water and the occurrence of cholera. The usual health communication channels were used (radio broadcasts, posters...) without the cholera being eradicated; however, some local channels such as churches, mosques, trade union movement, political parties and community health workers (as an organ community participation) can be privileged.
